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PHPRU\8QLIRUPPHPRU\DFFHVV80$LVRQHVXFKDUFKLWHFWXUHZKHUHWKHPHPRU\LVXQLIRUPO\DFFHVVHGE\DOO
WKHSURFHVVRUV  ,I WKHGDWD VL]H LV LQFUHDVHG WKHSURFHVVLQJ VSHHGQHHG WREH LQFUHDVHGZKHUH LQ WXUQQXPEHURI
SURFHVVRUV VKRXOGEHPRUH6LQFH80$VKDUHVDFRPPRQEXV WKHDOORFDWLRQRIEDQGZLGWK WR WKHSURFHVVRUV LVD
ERWWOHQHFNZKLFKUHVXOWVLQDVFDODELOLW\SUREOHP
7RRYHUFRPH WKLVSUREOHP1RQ8QLIRUP0HPRU\$FFHVV 180$EDVHGGHVLJQKDVEHHQSURSRVHG ,Q
180$ WKH PHPRU\ LV SK\VLFDOO\ GLVWULEXWHG DPRQJ 180$ QRGHV ZKHUH D FRPPRQ JOREDO DGGUHVV VSDFH LV
PDLQWDLQHG7KHVH QRGHV DUH FRQQHFWHG ZLWK DQ LQWHUFRQQHFW 0HPRU\ DFFHVV LV IDVW DQG WKHUH LV QR LVVXH RI
EDQGZLGWK,Q80$WKHODWHQFLHVDUHXQLIRUPZKHUHDVLQ180$LWGLIIHUVZLWKWKHGLVWDQFHRI180$QRGHV,Q
180$HDFKQRGHLVDVVRFLDWHGZLWKDORFDOPHPRU\,IWKHPHPRU\DFFHVVHVKDSSHQIURPWKLVORFDOQRGHWKHQ
WKHUHLVQRLVVXHRIEDQGZLGWK$VWKHUHFDQEHDQDFFHVVWRJOREDODGGUHVVVSDFHDWVRPHWLPHWKHUHLVDQHHGWR
DFFHVVGDWDIURPWKHUHPRWHQRGHV7KLVFUHDWHVDODWHQF\GLIIHUHQFHEHWZHHQORFDODQGUHPRWHPHPRU\DFFHVVHVDQG
KHQFHUHPRWHDFFHVVVKRXOGEHPLQLPL]HG(YHQWKRXJK180$RYHUFRPHVWKHVFDODELOLW\LVVXHVRPHIDFWRUVQHHG
WR EH RSWLPL]HG 6XFK NH\ GHVLJQ IDFWRUV LQFOXGH 'DWD SODFHPHQW 3URFHVVRU $IILQLW\ /RDG %DODQFLQJ &DFKH
&RKHUHQFH 7KUHDG 6FKHGXOLQJ ,Q WKLV SDSHU ZH SODQ WR GLVFXVV GLIIHUHQW VWUDWHJLHV WR HQVXUH RSWLPDO GDWD
SODFHPHQWLQ180$EDVHGV\VWHPXVLQJDXWRPDWLFSDJHPLJUDWLRQDQGUHSOLFDWLRQVFKHPH
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)LJ180$1RQ8QLIRUP0HPRU\$UFKLWHFWXUH
,Q180$GHVLJQIRUHIIHFWLYHGDWDSODFHPHQWLVWKHPDMRUFRQFHUQ,PSURSHUGDWDORFDOLW\OHDGVWRLQFUHDVHLQ
UHPRWHDFFHVV)RUDQHIILFLHQW'DWDSODFHPHQWSURSHUPHPRU\PDQDJHPHQWDORQJZLWKSURFHVVVFKHGXOLQJKDVWREH
GRQH.H\UHTXLUHPHQWVIRUGHVLJQRIRSWLPDOGDWDSODFHPHQW180$HQJLQHUHTXLUH
D 3ODFHUGDWDVKDOOKDYHWREHDYDLODEOHORFDOO\WRD180$QRGH
E 3ODFHUVKRXOGDYRLGWKHRYHUORDGWUDQVPLVVLRQWKURXJKLQWHUFRQQHFW
F 5HPRWHDFFHVVKDVWREHPLQLPL]HG
G ,I D SDUWLFXODU QRGH KDV LQVXIILFLHQWPHPRU\PHPRU\ UHFODLPPHFKDQLVP QHHGV WR EH EXLOW LQ WKH'DWD
SODFHU
H ,Q FDVH RI PHPRU\ UHFODLP IDLOXUH WKHUH VKRXOG EH DQ DOWHUQDWH PHFKDQLVP ZLWK SODFHU WR DOORFDWH
QHLJKERXULQJ180$QRGHVSUHIHUUHGQRGHVPHPRU\
0HPRU\DIILQLW\LVRQHVXFKGDWDSODFHPHQWSROLF\ZKHUHLQZHFDQDFKLHYHWKHDERYHPHQWLRQHGIDFWRUV0HPRU\
DIILQLW\LQYROYHVGDWDDOORFDWLRQGDWDPLJUDWLRQGDWDUHSOLFDWLRQZKLFKLVHIILFLHQWO\EHLQJGHVLJQHGSURSRVHGLQWKLV
SDSHU
7KH UHVW RI WKH SDSHU LV SODQQHG DV IROORZV ,Q VHFWLRQ  ZH SURYLGHG WKH YDULRXV ZD\V RI SURYLGLQJ
PHPRU\DIILQLW\LQ180$DUFKLWHFWXUHVHFWLRQJLYHVDGHWDLOHGH[SODQDWLRQRIYDULRXVPHPRU\SROLFLHVIROORZHG
XSZLWKRXUDOJRULWKPLQVHFWLRQ6HFWLRQVXPPDUL]HVRXUGHVLJQDORQJZLWKGLVFXVVLRQDQGVHFWLRQSURYLGHV
WKH&RQFOXVLRQZLWKUHOHYDQWIXWXUHZRUNLQIXWXUH

 /,7(5$785(6859(<
7RDVVXUHPHPRU\DIILQLW\LQ180$PDFKLQHVVHYHUDOZRUNVKDYHEHHQDGRSWHG7KHVHZRUNVOHDGWRVRPH
PDMRUVROXWLRQV,QWKLVVHFWLRQZHEULHIO\GLVFXVVYDULRXVPHWKRGRORJLHVWRDVVXUHPHPRU\DIILQLW\7KHFRQVDQG
SURVRIHDFKPHWKRGZDVLGHQWLILHGDQGGLVFXVVHG

2.1 Using LibNUMA 
/LE180$ VXSSRUWV SDJH PLJUDWLRQ PHPRU\ SROLFLHV DQG &38 ELQGLQJV XVLQJ NHUQHO V\VWHP FDOOV
WKURXJK 7KHVH V\VWHP FDOOV DOORZ SURJUDPPHU WR DOORFDWH PHPRU\ LQ UXQ WLPH ,W PDMRUO\ LQFOXGHV
´QXPDBPLJUDWHBSDJHV´´QXPDBVHWBPSROLF\´³QXPDBPRYHBSDJHV´³PELQG´DQG³QXPDBJHWBPSROLF\´
>@7KHPDLQDGYDQWDJHRIWKLVNHUQHOV\VWHPFDOOLVWKDWPHPRU\DOORFDWLRQFDQEHFRQWUROOHGLQDEHWWHUZD\>@
8VDJHRI/LE180$LVDFRPSOH[WDVNVLQFHLWLQYROYHVELWPDVNVSRLQWHUVPHPRU\SDJHV$OVRWRXVHWKLV
/LE180$ RQHPXVW PDQXDOO\ HQWHU WKH V\VWHP FDOOV QXPDFWO VR WKDW WKH DSSOLFDWLRQ FXVWRPV WR WKHPHPRU\
SROLFLHVZKLFKEHFRPHV D FRPSOLFDWHGZRUN IRU WKH SURJUDPPHUV 6R WKHUHPXVW EH DPHFKDQLVP E\ZKLFK WKH
DSSOLFDWLRQPXVW DXWRPDWLFDOO\ DGDSW WR WKH DUFKLWHFWXUH2QH VXFK SURSRVHGPHFKDQLVP LV GLVFXVVHG LQ WKH ODWHU
VHFWLRQV
2.2 Open MP 
2SHQ03LVDODQJXDJHZKLFKVXSSRUWVHIILFLHQWSDUDOOHOLVP7KHDSSOLFDWLRQPXVWEHFRGHGXVLQJ2SHQ03
12'( 12'(
,175&211(&7
0HPRU\0HPRU\0HPRU\0HPRU\
&38
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SULPLWLYHV LQRUGHU WRJHWPXOWLWKUHDGLQJ7RSODFH WKHGDWD LQEHWWHUZD\ LQ180$PDFKLQHVFHUWDLQH[WHQVLRQV
ZHUH DGGHG WR WKH2SHQ03 DQG LW UHTXLUHV DQ H[SOLFLW VXSSRUW IURP FRPSLOHUV %XW DOO FRPSLOHUV GRQ¶W JLYH WKH
SURYLVLRQIRU2SHQ03DQGGLUHFWLYHVDUHDSSOLHGLQDVWDWLFPDQQHU
,QDPHFKDQLVPWRJXDUDQWHHPHPRU\DIILQLW\RQ180$PDFKLQHXVLQJ2SHQ03ZDVSUHVHQWHGE\ WKH
DXWKRU7KHPDLQ LGHD LQ WKHSDSHUZDV WRPDNHUHODWLRQEHWZHHQ WKUHDGVDQGGDWD $OVR WKHZRUNSURYLGHVVRPH
VXJJHVWLRQVRIKRZWRH[WHQG2SHQ03LQ180$PDFKLQHV7KHLUUHVXOWVSURYHGWKDW2SHQ03FDQSHUIRUPZHOORQ
WLJKWO\FRXSOHG180$PDFKLQHV7KHLUZRUNZDVQRWH[WHQGHG WRDXWRPDWLFGDWDSODFHPHQW2XUSURSRVHGZRUN
WULHVWRSURYLGHWKLVPHFKDQLVPXVLQJDXWRPDWLFPHPRU\DIILQLW\LQUXQWLPH
,Q DXWKRUSUHVHQWHGDQHIILFLHQWPHPRU\DOORFDWLRQ LQ2SHQ03XVLQJFHUWDLQ VHWRI2SHQ03GLUHFWLYHV
7KHVHGLUHFWLYHVJXLGHGHYHORSHUV WR DOORFDWH GDWD HIILFLHQWO\RQ WKH180$DUFKLWHFWXUH$OO WKHVH GLUHFWLYHV DUH
OLPLWHG WR WKH )2575$1 ODQJXDJH 8VLQJ WKHVH GLUHFWLYHV HIILFLHQW GDWD GLVWULEXWLRQ DQG SDJH ORFDOLW\ FDQ EH
DFKLHYHG %XW WKHVH GLUHFWLYHV KDYH WR EH LQFOXGHG IRU DQ DSSOLFDWLRQ LQ DQ H[SOLFLW PDQQHU ZKLFK UHTXLUHV
KDUGZDUH VSHFLILFDWLRQV LQ SULRU 7KHUHPXVW EH D EHWWHU DSSURDFK LQGHSHQGHQW RI SULRU NQRZOHGJH RQ KDUGZDUH
ZKLFKPXVWSURYLGHHIILFLHQWGDWDSODFHPHQW

 %$6,6:25.
Kernel’s Memory affinity policies 
0HPRU\DIILQLW\LVHQVXULQJWKDWSURFHVVLQJXQLWDOZD\VKDVWKHLUGDWDFORVHWRWKHP6RWRDFKLHYHXWPRVW
SHUIRUPDQFHRQ180$PDFKLQHWKHQXPEHURIUHPRWHDFFHVVGXULQJWKHH[HFXWLRQKDVWRPLQLPL]H3URFHVVRUDQG
GDWDQHHGWRVFKHGXOHVRDVWKHGLVWDQFHEHWZHHQWKHPDUHWREHFORVHG7RPLQLPL]HWKHGLVWDQFHDQGDFFRUGLQJO\
LQFUHDVH WKH SHUIRUPDQFH RI 180$ DUFKLWHFWXUH ZH QHHG VRPH PHFKDQLVP DQG WRRO LQ RUGHU WR VROYH PHPRU\
DOORFDWLRQUHSOLFDWLRQDQGPLJUDWLRQWRHQVXUHPHPRU\DIILQLW\LQ180$V\VWHP+RZHYHUQRQHRIWKHVHVROXWLRQV
SURYLGHSRUWDELOLW\DVPHPRU\DIILQLW\FRQWURO7RDFKLHYHWKLVPHPRU\DIILQLW\LVHQVXUHGE\DSSO\LQJDPHPRU\
SROLF\IRUDQHQWLUHSURFHVV)LUVWWRXFKDOJRULWKPZDVSURSRVHGLQ/LQX[NHUQHOZKLFKZDVWKHGHIDXOWSROLF\
WRPDQDJHPHPRU\DIILQLW\,WSODFHVWKHSDJHZLWKUHVSHFWWRWKUHDGRQWKH180$QRGHWKDWDFFHVVLWILUVW%\WKLV
SROLF\GDWDLVDOORFDWHGE\WKUHDGRUPDVWHUWKUHDGWRLWVORFDOPHPRU\ZKLFKUHGXFHVUHPRWHDFFHVVHV+RZHYHUILUVW
WRXFKSROLF\ DSSO\RQ DSSOLFDWLRQ WKDW DFFHVV V\PPHWULFGDWD UHJXODU  ,I WKUHDGGRHVQRW DFFHVV VLPLODU GDWD LW
OHDGVWRKLJKQXPEHURIUHPRWHDFFHVV
7RUHGXFHUHPRWHDFFHVVWKHSDJHVKRXOGEHPLJUDWHGEHWZHHQ180$QRGHVWRPDNHVXUHWKDWGDWDLVFORVHUWRWKH
SURFHVVRUWKDWDFFHVVLW%HIRUHSDJHPLJUDWLRQWKHIROORZLQJVHTXHQFHRIVWHSKDVWREHIROORZHG
D 7KHYLFWLPSDJHZKLFKLVWREHPLJUDWHGVKRXOGEHUHPRYHGIURPWKH/HDVW5HFHQWO\XVHGOLVWV
E $OOWKHUHIHUHQFHVRI37(SDJHWDEOHHQWULHVWRWKHROGSDJHDUHIUHHGDQGWKHSDJHLVSXWLQWRVOHHSWLOOWKH
PLJUDWLRQRIWKHSDJHLVRYHU
F ,IVXSSRVHDQ\NHUQHO UHIHUHQFHVDUHPDGH WR WKHSDJH WKHQ WKHSDJHPLJUDWLRQ LVDERUWHGDQGVKRXOGEH
IXUWKHUSURFHVVHGDIWHUWKHNHUQHOXVDJHLVRYHU
G 1HZNHUQHOUHIHUHQFHVDUHWREHPDGHIRUWKHQHZSDJHDIWHUPLJUDWLRQ
1H[WWRXFKSROLF\ZDVLQWURGXFHGWRSURYLGHDXWRPDWLFSDJHPLJUDWLRQ7KLVSROLF\LVDSSOLFDEOHIRUUHJXODU
DQG LUUHJXODU GDWD1H[W WRXFK SROLF\ SURYLGH DXWRPDWLF G\QDPLF SDJHPLJUDWLRQ XVLQJ ³FRS\ RQZULWH ³&2:
8VLQJ&2:SDJHPLJUDWLRQRFFXUVRQO\LWLVHVVHQWLDOO\QHHGHG

*HQHUDOO\SDJHWDEOHHQWU\37(FRQWDLQSURWHFWLRQELWZULWHDFFHVVDQGUHDGDFFHVVELWWRFKHFNWKHSDJH
GHWDLO&2:LVLPSOHPHQWHGLQ/,18;WRPRGLI\WKHZULWHDFFHVVELWRIWKHSDJHIURPWKHSDJHWDEOHHQWU\ZKLFK
LQGLUHFWO\JHQHUDWHVDSDJHIDXOWRQDZULWHDFFHVV

7KHILJXUHH[SODLQV WKHIORZRISURFHVVRFFXUUHGLQ WKHQH[WWRXFKSROLF\,QLWLDOO\E\XVLQJILUVW WRXFK
SROLF\WKUHDGDVVRFLDWHVELQGVSDJHZLWKUHVSHFWLYH180$QRGH,QQH[WWRXFKSROLF\WKHSDJHLVPDUNHGE\IODJ
ELW DQG LQGLFDWHV WKDW LW ZLOO EH XVHG LQ QHDU IXWXUH ,Q RUGHU WR PDUN WKH SDJH XVLQJ IODJ ELW LQ /,18; LW LV
DFFRPSOLVKHGXVLQJPDGYLVHV\VWHPFDOO
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
)LJ1H[WWRXFKSROLF\LPSOHPHQWDWLRQ
:KHQHYHUZHZDQWWRVHWWKHQH[WWRXFKIODJZHKDYHWRPRGLI\WKH37(SURWHFWLRQELW'XHWRWKHORDG
EDODQFLQJWKHUHLVQHHGWRPLJUDWHWKHWKUHDGVIURPRQH180$QRGHWRDQRWKHULUUHVSHFWLYHRIWKHGDWDORFDWLRQRI
WKHWKUHDG7KLVOHDGVWRSDJHIDXOWZKHQHYHUWRXFKRFFXUVIRUWKHSDJH:KHQWKLVKDSSHQSDJHIDXOWKDQGOHUWDNH
FDUHRIWKHIDXOWVE\FKHFNLQJWKHQH[WWRXFKIODJRIWKHSDJH,WDOVRVHHVWKDWDFWXDOSDJHIDXOWLVRFFXUUHGEHFDXVH
RI1H[W7RXFKSROLF\RUDUHDOSDJH)DXOW,IWKHIDXOWLVGXHWRWKH1H[WWRXFKWKHQSDJHZLOOEHPLJUDWHG$IWHUWKH
SDJHPLJUDWLRQWKH1H[WWRXFKIODJLVUHPRYHGIURPWKHFRUUHVSRQGLQJEXIIHUDQGHQDEOHVLWVRULJLQDOSURWHFWLRQELWV
LQWKH37(6DPHSURFHGXUHKDSSHQVLI1H[WWRXFKIDXOWKDSSHQV
 ,QJHQHUDO VRPHSDJHVDUHSURWHFWHG7KLVFDQEHGRQHE\XVLQJPSURWHFW  V\VWHPFDOOZKLFKSUHYHQWV
DSSOLFDWLRQ WRDFFHVV WKDWSDJH ,I WKDW SDJH LV WREH DFFHVVHG LW OHDGV WR VHJPHQWDWLRQ IDXOWZKLFK LV KDQGOHGE\
FXVWRPVLJQDOKDQGOHU7KLVFXVWRPKDQGOHUUHPRYHVWKHSURWHFWLRQWHPSRUDULO\WKHQPLJUDWHVWKHUHVXOWDQWEXIIHUV
DQG UHVWRUHV LWV SURWHFWLRQ EDFN 7KLV PHFKDQLVP LV QRW IOH[LEOH WR LPSOHPHQW DV ZH DUH FDOOLQJ WKH
PSURWHFWV\VWHPFDOOWZLFHWRKDQGOHWKHVHJPHQWDWLRQIDXOWUHVXOWLQJLQFKDQJLQJWKH7/%VIUHTXHQWO\
 7KH QH[W WRXFK SROLF\ SURGXFHV D EHWWHU SHUIRUPDQFH ZKHQ FRPSDUHG ZLWK QXPDBPLJUDWHB
SDJHVOLE180$¶V$3,EHFDXVHQXPDBPLJUDWHBSDJHV6KLIWVHQWLUHSURFHVVDGGUHVVVSDFHRQ WRQHZ180$
QRGHZKLFKLVQRWQHFHVVDU\DVGLVFXVVHGLQWKHSUHYLRXVVHFWLRQV
 7KH SURSRVHG GHVLJQ DGGUHVVHG DOO WKH DERYH PHQWLRQHG SROLFLHV DORQJ ZLWK UHSOLFDWLRQ LQ QH[W WRXFK
SROLF\

 'HVLJQDQGDUFKLWHFWXUHIRUSURSRVHGV\VWHP
2XUSURSRVHGV\VWHPLVWU\LQJWRSURYLGHDUHSOLFDWLRQPHFKDQLVPIRUWKHDIRUHPHQWLRQHGQH[WWRXFKSROLF\
ZLWK VRPH WKUHVKROG FRQVWUDLQW 2XU DOJRULWKP WULHV WR JLYH DQ HIIHFWLYH PHFKDQLVP IRU0HPRU\ DIILQLW\ ZKLFK
WDUJHWVLQUHGXFLQJWKHUHPRWHDFFHVVHV7KHSURSRVHGPHFKDQLVPDOVRWULHVWRLQFRUSRUDWHDOOWKH/LE180$VXSSRUW
PLJUDWLRQUHSOLFDWLRQSUHIHUUHGDQGLQWHUOHDYHGautomatically







'HVLJQ
$OORFDWRU
%HKDYLRU(QJLQH
25
,QIHUHQFH(QJLQH0HPRU\
'HVLJQ0LJUDWRU
'HVLJQ5HSOLFDWRU
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)LJ'HVLJQDQG$UFKLWHFWXUHRIWKHSURSRVHGV\VWHP
0RGXOH'HVLJQ$OORFDWRU
'HVLJQDOORFDWRUDOORFDWHVPHPRU\WRDQRGHE\GHIDXOWSROLF\)LUVWWRXFK$FFRUGLQJWRILUVWWRXFKSROLF\
PHPRU\ZLOOEHDOORFDWHGWRWKHWKUHDGWKDWILUVWWRXFKHVLW,WVHWVWKHEHKDYLRURIWKHVKDUHGSDJH7KHQLWVHWVWKH
QH[WWRXFKIODJLQGLFDWLQJWKDWWKHSDJHZLOOEHDFFHVVHGLQWKHIXWXUH%HIRUHGRLQJKLVZHPXVWFKHFNZKHWKHUWKH
PHPRU\LVDYDLODEOHIRUPLJUDWLQJRUUHSOLFDWLQJWKHSDJHVWRWKHGHVWLQDWLRQQRGHVRUQRW,ISDJHIDXOWYDOXHLVOHVV
WKDQ WKH WKUHVKROG YDOXH DQGPHPRU\ LV DYDLODEOHPLJUDWH WKH SDJH ,Q FDVH LI WKHPHPRU\ LV QRW DYDLODEOH WKHQ
PHPRU\UHFODLPKDVWREHGRQHE\XVLQJPDGYLVHBIUHH

0RGXOH%HKDYLRUHQJLQH
%HKDYLRUHQJLQHGHFLGHVZKHWKHUSDJHFDQGLGDWHLVILWWR0LJUDWHRU5HSOLFDWHEDVHGRQWKHWKUHVKROGYDOXH
7KHWKUHVKROGYDOXHLV WREHFKHFNHGZLWKSDJHIDXOWFRXQWHU,WDOVRSURYLGHVDDFFHVVPHFKDQLVPIRUSDJHVHJ
0RUHZULWHDFFHVVLPSOLFLWO\GLVDEOHVWKHSDJHIURPUHSOLFDWLRQ

0RGXOH'HVLJQ0LJUDWRURU5HSOLFDWRU
7KLVIRUPVWKHFRUHHQDEOHUIRU0LJUDWLRQRU5HSOLFDWRU%HIRUHWKHPLJUDWLRQRUUHSOLFDWLRQKDSSHQVDJDLQ
ZH KDYH WR FKHFN IRU VXIILFLHQW PHPRU\ DYDLODELOLW\ ,I WKH VXIILFLHQW PHPRU\ LV QRW SUHVHQW PHPRU\ UHFODLP
PDGYLVHBIUHHKDVWREHKDSSHQHG,IWKHSDJHIDXOWFRXQWLVJUHDWHUWKDQWKUHVKROGIUHTXHQF\GDWDUHSOLFDWLRQKDV
WREHGRQH3DJHIDXOWFRXQWHUVKRXOGEHLQFUHPHQWHGRQO\RQWKHQH[WWRXFK:KHUHDVLIWKHSDJHIDXOWFRXQWLVOHVV
WKDQ WKUHVKROG IUHTXHQF\GDWDPLJUDWLRQKDV WREHGRQH)LJXUHGHSLFWV WKHRYHUDOOSURSRVHGPHWKRGRORJ\ IORZ
GLVFXVVHGDERYH
7R LQFOXGH UHSOLFDWLRQ PHFKDQLVP ZH LQWURGXFHG VRPH YDULDEOHV DV WKUHVKROG UHVHW 567 DQG ZULWH
IUHTXHQF\WKUHVKROG 7KHWKUHVKROGIUHTXHQF\FKHFNVWKHQRRIDFFHVVRI WKHSDJHIRUDFHUWDLQSHULRGDFURVV WKHQ
180$ QRGHV 7KH UHVHW IODJ UHVHWV WKH SDJH IDXOW FRXQWHU YDOXH DIWHU D SDUWLFXODU FORFN F\FOH WLPH 7KH ZULWH
IUHTXHQF\WKUHVKROGILQGVKRZPDQ\ZULWHDFFHVVKDSSHQHGWRDSDJH,ILWLVKLJKWKHQFKHFNWKHZULWHIUHTXHQF\
WKUHVKROG LI WKHQXPEHURIZULWH DFFHVV LVJUHDWHU WKDQZULWH IUHTXHQF\ WKUHVKROGGRQRWKLQJ(OVHFKHFN IRU WKH
PHPRU\DJDLQDQGUHSOLFDWHWKHSDJH


)LJ1H[WWRXFKSROLF\ZLWKUHSOLFDWLRQ
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
$OJRULWKP

,QLWBFRQILJXUDWLRQBFXPBDOORFDWRUB180$
Step 1: Allocate a page in NUMA node as follows: 
 Step1.1.a Choose default memory policy( ) 
Step 1.1.b Initialize the Memory Access parameters (like page_table_entry,protectionbits, pid, bitmask, writeaccess 
bit, vma, main memory etc…) 
Step1.2 set the behavior of the shared space using madv_behavior()
Step 1.3 set the next touch flag using madv_willneed()
Step1.4 Change the page table entry protection bits i.e pte_modify(page table entry, get_protection(0)). 
Step1.5 Initialize threshold and reset value  

6KDUHGEHKDYLRUSURFHVV
Step 2 Check the recent access to Page i.e 
if (touch==true)do the following steps 
           {  /*checking whether the page fault occurred from the next touch or not*/ 
2.1.Check the pages for its local or remote access using 
Page_found=check_page(pid,bitmask,pageaddress) 
2.2. If page is being from local node i.e if (Page_found==1) 
Do nothing and abort () 
/* next touch policy not needed*/
Else
/* page fault handler mechanism and increment the page fault count */ 
            2.2. Generate a page fault using
intpage_fault_count=page_fault_handler(addr,writeacess,pagetableentry ,vma ,mm) 
2.2.1Increment the page fault using page_fault_count++; 
 /*until reset values doesn’t cross the periodical time value, if crosses reset the page fault values*/ 

6WHS5HSOLFDWLRQRU0LJUDWLRQ
3.1. Check the Page faults limit& compare the same with threshold limit set using.
If (page_fault_count>= threshold value) 
       { 
3.2.Replicate the page using page_replicate(node mask_all,vma,page table entry,pd,mm) 
                    } 
else
/* (if page_fault_count< threshold value) 
{
  3.1 Migrate the page using next touch policy as page_migrate(mm,pte,ptl,mm,vma)
/*provide migration*/ 
}
Algorithm for Main design block design for data placer() 
Automatic_data_placer_for_NUMA() 
{
Step a) Configure the NUMA nodes &allocate the pages; 
Init_configuration_cum_allocator_NUMA ( );/* step 1 above*/ 
Step b)Organize the NUMA shared process behavior; 
                            Perform step2 above; 
         Step c) Based upon the threshold frequency value 
 Either Migrate or Replicate;   /* step 3* above */ 
`
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7KHDOJRULWKPGHVFULEHVWKHQH[WWRXFKSROLF\ZLWKUHSOLFDWLRQ,QLWLDOO\HYHU\DSSOLFDWLRQREH\VWKHGHIDXOW
PHPRU\ SROLF\ DV ILUVW WRXFK0DGYLVH V\VWHP FDOO JLYHV D SULRU NQRZOHGJH WR NHUQHO RI KRZ DQ DSSOLFDWLRQ
H[SHFWVWRXVHWKHPHPRU\7KHIROORZLQJWDEOHGHVFULEHVWKHGLIIHUHQWIXQFWLRQDOLWLHVRIPDGYLVHV\VWHPFDOO%\
XVLQJPDGYBZLOOQHHGV\VWHPFDOOIRUZKLFKZHFKDQJHWKHSDJHWDEOHHQWU\ELWVUHDGZULWHDFFHVVIODJ
LQGLFDWHVWKDWSDJHZLOOEHXVHGLQWKHIXWXUH1RZZKHQHYHUIDXOWRFFXUVNHUQHOFRQILUPVWKDWWKLVIDXOWLVE\QH[W
WRXFKSROLF\DQGGHFLGHVWRWDNHGHFLVLRQRIPLJUDWLRQRUUHSOLFDWLRQ

7DEOH'LIIHUHQWIXQFWLRQDOLWLHVRIPDGYLVH
 &RPSDUDWLYHDQDO\VLVDQG'LVFXVVLRQV
,QWKLVSURSRVHGGHVLJQZHKDYHLQYHVWLJDWHGDQGDGGUHVVHGWKHNH\FRQFHUQVRUOLPLWDWLRQVLPSRVHGE\WKH
H[LVWLQJZRUNV2XU$OJRULWKPLFGHVLJQSURSRVHGVHHPVWREHRXWSHUIRUPLQJZLWKUHVSHFWWR/LE180$VSHFLILFDOO\
&RQVLGHUDQDSSOLFDWLRQZKLFKLVJHQHUDWLQJWKUHDGVZKHUHWKHVHWKUHDGVDUHUDQGRPO\GLVWULEXWHGLQ
SDUDOOHO DPRQJ WKH180$QRGHV ,Q/LE180$XVLQJPELQGZH FDQ DOORFDWHPHPRU\ WR DQ\QRGHFSXELQG
DOORZVSURFHVV WR H[HFXWHRQ D VHW RI&38V IRU D VSHFLILHGQRGH/LE180$DOVR SURYLGHV SDJHPLJUDWLRQXVLQJ
QXPDBPLJUDWHBSDJHVZKHUHD ODUJHEXIIHUV DUH WREHPRYHGZKLFK OHDGV WR LQFUHDVH LQ ODWHQFLHV XQQHFHVVDU\
SDJHV DUH DOVR WUDQVIHUUHG >@)RU WKH /LE180$ VXSSRUW WKH SURJUDPPHU VKRXOG DOWHU WKH DSSOLFDWLRQ FRGH
PDQXDOO\ZKLFKLVDFRPSOH[WDVN>@
%\ ILUVW WRXFK SROLF\ DGRSWHG E\ XV WKH WKUHDG ZKLFK WRXFKHV WKH SDJH ILUVW ZLOO EH DOORFDWHG WR WKH
FRUUHVSRQGLQJQRGH WRPDNH WKHDFFHVV ORFDO ,IRWKHU WKUHDGV IURPGLIIHUHQWQRGHVQHHG WRDFFHVV WKH VDPHSDJH
UHPRWHYHU\ IUHTXHQWO\ LQ D VKRUW SHULRG WKHQPLJUDWLRQEHFRPHV D WHGLRXV MREZKHUH LQ7/%YDOXHV DUH WREH
IOXVKHG IUHTXHQWO\ 6R LQVWHDG RIPLJUDWLRQZH UHSOLFDWH WKH SDJH EDVHG RQ WKH SDJH IDXOW FRXQW LI SDJH IDXOW LV
JUHDWHUWKDQWKHWKUHVKROGFRXQWLQRXUSURSRVHGV\VWHPDGGUHVVLQJWKHNH\FRQFHUQ
 5HSOLFDWLRQPD\DOVRFDXVHPHPRU\FRQJHVWLRQ'XSOLFDWHFRSLHVLQGHHGUHVXOWLQUHGXQGDQF\RIGDWD6R
LQRUGHUWRPDNHWKHPHPRU\DYDLODEOHZHXVHPDGYLVHPDGYBIUHHUHVHWVLQDSHULRGLFDOLQWHUYDODQGWKHUHSOLFDWHG
SDJH LV UHPRYHG EDVHG RQ WKH QHFHVVLW\ )RU HYHU\PLJUDWLRQ RU UHSOLFDWLRQ WKH VWDWXV RI WKH SDJH LV FKHFNHG LQ
DGYDQFH +HQFH ZH HQVXUHG WKDW RXU SURSRVHG V\VWHP SURYLGHV D EHWWHU DOWHUQDWLYH WR WKH H[LVWLQJ ZRUNV ZLWK
DXWRPDWLFSURFHVVLQJEXLOWLQ 
System call Description 
madvise_normal Default kernel way of accessing the addresses. 
madvise_sequential Informs kernel that application will access a listed range addresses in a successive way. 
madvise_random Tells kernel that page references are in a random manner. 
madvise_willneed The specified address range will be referenced in future. 
madvise_dontneed The specified address range will not be referenced in future. 
madvise_free Intimating kernel that the specified range of  addresses are no longer important(these 
addresses are freed when the memory pressure is high) 
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 &RQFOXVLRQDQGIXWXUHZRUN

6FDODELOLW\ EHLQJ D PDMRU FRQFHUQ LQ 80$ EDVHG V\VWHP 180$ DGGUHVVHG WKLV NH\ FRQFHUQ YHU\
HIIHFWLYHO\:LWKWKHDGYHQWRIPDQ\FRUHHQYLURQPHQWVZKHUHPHPRU\LVGLVWULEXWHGDPRQJWKHGLIIHUHQWFRUHVLWLV
FKDOOHQJLQJ WRGHVLJQD WKUHDGVFKHGXOHUDORQJZLWKSURSHUGDWDGLVWULEXWLRQDFURVVGLIIHUHQWQRGHV LQDQHIILFLHQW
PDQQHU
:H KDYH WKRURXJKO\ LQYHVWLJDWHG H[LVWLQJ VROXWLRQ ZLWK UHVSHFW WR GDWD SODFHPHQW DQG H[SORUHG WKHLU
OLPLWDWLRQ LQ FXUUHQW FRQWH[W ODFN RI G\QDPLF DGDSWLRQ WR UXQ WLPH GLUHFWLYHV LQ2SHQ03 DQG ODFN RI DXWRPDWLF
SODFHULQWKHFXUUHQW/LE180$$3,V
:HKDYHSURSRVHGLQYHVWLJDWHGDQGHYROYHGDQHIILFLHQWGHVLJQIRU180$EDVHGPDFKLQHIRUDXWRPDWLF
GDWDSODFHPHQWLQVFDODEOHIDVKLRQWKHUHE\DGGUHVVLQJWKHNH\FRQFHUQG\QDPLFPLJUDWLRQDQGUHSOLFDWLRQ
,QQH[WSKDVHRIRXUZRUNZHSODQWRYDOLGDWHRXUSURSRVHGIUDPHZRUNIRU180$GDWDSODFHPHQWHQJLQH
DQG SHUIRUPDQFH DQDO\]H WKH VDPH ZLWK UHVSHFW WR H[LVWLQJ DIRUHPHQWLRQHG ZRUNV 6XEVHTXHQWO\ ZH SODQ WR
LQYHVWLJDWHWKHRWKHUNH\DUHDVRILPSURYHPHQWLGHQWLILHGHUVWZKLOHLQ180$EDVHGGHVLJQ

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